Introduction
Hierarchical linear modeling (HLM) has been developed to properly account for nested structures in the statistical treatment of data [BRYK & RAUDENBUSH, 1992] . Such structures are frequent in human health research, therefore HLM becomes pertinent for psychiatric and psychological research; for instance, these models aid exploring how social environment characteristics relate to schizophrenia incidence [ VAN OS & AL., 2000; ALLARDYCE & BOYDELL, 2006; DRUKKER & AL., 2006] ; allow the analysis of dyad processes of caregiving [LYONS & SAYER, 2005] ; and may consider individual change as it appears in longitudinal studies [HEDEKER & MERMELSTEIN, 1996 .
The HLM strategy addresses the nested structure by introducing multiple levels of models according to the hierarchy implied by such a structure [BRYK & RAUDENBUSH, 1992] . As an illustration, let us assume that the severity of an illness in hospitalized patients increases linearly with time but at different rates associated with patients' characteristics, such as their quality of life (QoL); furthermore, let us assume that the effect of quality of life is not the same in all institutions. Thus, we might express the illness severity in time t for patient i hospitalized at institution j by the model: y ijt = 0 + 1ij t+ ijt at observations level, while expressing the differing rates by the model: 1ij = 0 + 1i QoL ij +u 1ij at patient level, and expressing the varying effect of QoL by the model: 1i = u 2i at institution level. This formulation may account for the ; Published online April 16, 2009 797-808 Scientometrics 80 (2009) 
798
CERVANTES & AL.: Hierarchical linear models in psychiatry association of observations from the same patient and the clustering of patients within an institution by including the second and third level models which in turn include a number of higher level random-effects and cross-level interactions, as can be seen if we write the three models in a single expression, known as the combined model: y ijt = 0 + 0 t u 1ij t+u 2ij QoL ij t ijt , where a random-effect of the individual patient affects how the severity varies in time (u 1ij t) and a random-effect of the institution affects the interaction between patient QoL and observation time (u 2j QoL ij t), while simultaneously considering a fixed mean change rate ( 0 t) and a fixed severity baseline ( 0 ).
This modeling strategy is relatively recent, having been developed during the 1980's; and although psychiatric research has seen a tendency towards a broader use of innovative statistical methods [MIETTUNEN & AL., 2002] , it is unclear how much HLM has permeated psychiatric research -v.g. in ALLARDYCE & BOYDELL's [2006] review, only 4 of the 13 articles they analyzed used HLM. For these reasons, a more systematic review of the current status of the use of these statistical methods in Psychiatry ought to be pursued.
Bibliometrics systematically study written publications, and so can be used to assess the methodological aspects of published researches [MIETTUNEN & AL., 2002] . Their methods have been successfully applied to psychiatric research to evaluate the activity of bipolar disorder research [CLEMENT & , the diagnostic criteria used [ARAGONA, 2006] , the use of statistical methods in psychiatric research and their relation to article citations rates [MIETTUNEN & AL., 2002; MIETTUNEN & NIEMINEN, 2003] , among other subjects. In this review, we aim to evaluate the reception of HLM in psychiatric research by means of the bibliometric analysis methodology.
Method

Data collection
The documents included in the present study were identified via a database search in the Web of Knowledge (WoK) site of the Institute for Scientific Information (ISI) from Thompson Scientific. The search took place on January 2008 and included the Science Citation Index Expanded (SCIE), the Social Sciences Citation Index (SSCI) and the Arts & Humanities Citation Index (A&HCI) databases.
Aiming to cover all the available documents on the subject, the search strategy was based on documents published in journals in 2007 or before, the key words "multilevel*", "hierarchical linear model*" and "hlm", and on the subject "Psychiatry". Furthermore, since both "multilevel*" and "hlm" search terms might also include papers on subjects unrelated to HLM, the 229 documents obtained from both terms were screened, either by analyzing their abstracts or searching for the full text document, in order to ensure that only HLM related documents were included in the study. The search resulted in a total of 207 documents included in the study and 82 documents rejected for not being HLM related.
Data analysis
The documents were tabulated using ActivePerl 5.10.0 [ACTIVE STATE SOFTWARE INC., 2008] and Excel 2007. The coded variables were year of publication, authors, number of authors, institutions, number of institutions, countries, number of countries, type of document (article, review, meeting abstract and editorial material), total number of citations received, citations received each year (starting in the year of the first published document), subject and keywords (both those included by the document itself and those included by the database).
The indices used in this study were the Citations Per Publication Index (CPP), the Publication Efficiency Index (PEI), the Co-Authorship Index (CAI), the Hirsch index (h-index) and the g-index. The PEI gives a relative measure for the CPP index and is calculated as the CPP divided by the rate of all citations received and all documents produced in the analyzed sector [GUAN & MA, 2007] ; this corresponds to various relative indices such as CPP/FCSm and CPP/JCSm 1 [ VAN RAAN, 2003 , where the sector analyzed is the world journal population working on the same field and the world journal population the unit has published in, respectively. For this study the sector of comparison is the HLM related documents published in "Psychiatry" and indexed by ISI-WoK.
The CAI is presented by GUAN & MA [2007] as a derivation of relative activity. The h-index was proposed by HIRSCH [2005] as a simple indicator of the cumulative impact of an individual's research work. EGGHE [2006] proposed the g-index analogously to Hirsch's h-index. The g-index is presented as an improvement of the h-index to measure the global citation performance of a set of articles. In this study, following BRAUN & AL.'s SAAD's [2006] results and the direction implied in Egghe's g-index, we apply both the h-index and the g-index to journal production rather than author production.
Both Lotka's [LOTKA, 1926] , used to describe author productivity within a given field or set of journals, and Bradford's law [BRADFORD, 1934 [BRADFORD, /1985 , used for describing the scattering of articles, were applied. According to POTTER [1981] the sole requisite for applying Lotka's law is that the data is retrieved from a time span covering at least ten years. Nevertheless, the law does not hold for all sets of productivity structures in all fields [GLÄNZEL, 2003] , but when it does, it is a very useful tool for describing and predicting how many authors are to be expected to have published a given number of articles, thus describing the diffusion of the particular field among researchers. The law is defined in several places (v.g. [LOTKA, 1926; GLÄNZEL, 2003 ]), and different methods for parameter estimation, such as maximum likelihood [NICHOLLS, 1986 [NICHOLLS, , 1989 , and for assessing the law's fit [PAO, 1985; NICHOLLS, 1986 NICHOLLS, , 1989 LOUGHNER, 1992] , are available.
The Bradford multiplier was obtained by k = (1.781 Y 0 ) 1/P , where Y 0 is the number of articles published in the subject by the most productive journal and P is the number of zones including the nucleus [EGGHE, 1986 [EGGHE, , 1990 ]. LEIMKUHLER 's [1967] formulation of this law with constants A and B obtained as A = y 0 /lnk and B = (k-1)/N 0 , where k is as defined above, N 0 is the number of journals in the core and y 0 is the constant number of articles in each group [GLÄNZEL, 2003] , was also fitted. A Bradford-Zipf plot may be used to represent both the observed cumulative frequency of articles by journal rank and the Leimkuhler's formulation predicted frequencies.
All analyses were performed with R 2.6.2 [R DEVELOPMENT CORE TEAM, 2008] .
Results
Type of document and year of publication
One hundred and ninety-four of the 207 documents in the search are classified as articles by the ISI-WoK databases. Remaining analyses will be based only on these documents, which represent 93.72% of total recovered documents. The remaining 13 documents are classified either as reviews, meeting abstracts or editorial materials. Figure 1 shows both the frequencies of psychiatric articles published regarding HLM models each year and their cumulative frequencies. Articles on HLM started appearing in 1989, and a seemingly exponential growing trend can be observed, especially at the beginning of the current decade.
Authors
The total number of articles analyzed includes 679 authors. However some of them have published on more than one occasion and an article may be the product of more than one author, thus the total number of contributions rises to 843. The number of authors that contribute to each article ranged from one to fifteen. Seven articles (3.61%) were written by a single author, 17.53% have 2 authors, 20.62% have 3 authors, 21.13% have 4 authors, 21.13% have 5 or 6 authors and 15.98% include more than six authors.
The number of authors over time stabilized around 4.5 authors per article during the current decade, during the 90's the small number of publications makes it impossible to identify a pattern. It can also be noted that there is a small group of authors that have contributed highly with publications related to HLM. Table 1 presents the distribution of author productivity. The output of the top contributing authors accounts for 10.32% of the total contributions. For the analyzed articles the estimated power n of Lotka's law was 3.317, giving a constant value C = 0.869. The percentages predicted by Lotka's law are depicted in the last column of Table 1 . The difference between the observed and predicted distributions was assessed using the K-S test, which yielded a D max = 0.013, c.v. = 0.062. These results show that the power distribution described by Lotka's law is appropriate to model the productivity of authors using the HLM methodology in Psychiatry.
Institutions
A total of 269 institutions were found, and given that several institutions may participate in a single article, the total institutional contributions were 454. Institution productivity is presented in Table 2 . Each section depicts the top five institutions given the bibliometric indicators employed. Thus, the first shows the five institutions whose researchers have produced most papers related to HLM; the second presents the five institutions whose articles have been cited the most; and the last, those whose efforts around HLM have had the biggest impact. Note that the most productive institutions are universities. It is also interesting to point out that only two of the top five most productive institutions received a higher than average number of citations, while the universities that received the highest number of citations per article on HLM have produced only a small number of these. 
Countries
There are 23 countries participating in psychiatric applications of HLM. Taking into account that authors from different countries may contribute to the same article, the total contributions of countries amounted 251. Countries were ranked from highest to lowest productivity. The seven top contributing countries were the USA with 107 contributions (42.63%), the Netherlands (15.94%), England (15.54%), Canada (4.78%), Germany (3.59%), and Australia and Switzerland (2.39% each). It should be noted that the United States of America accounts for about two fifths of the contributions, and that the top three contributing countries account for 74.1% of contributions. Also, work in HLM methods among these countries was pioneered by researchers from the United States in 1989, and contributions from this country have increased over time. Contributions from the Netherlands and England have been steady during the current decade.
The nature of collaboration of an international or intranational kind was explored in relation to the number of authors collaborating in each article (shown in Figure 2a) , as well as related to the countries from which the authors participated (shown in Figure 2b ). Since all papers produced by a single author imply no official collaboration, no papers by a single author were included in Figure 2a Note that the majority of collaborations in articles are of an intranational nature, with the highest rates of international collaboration occurring in the articles produced by 7 or 8 authors, the highest rate (50%) shown for 15 authors represents one article of exclusively intranational collaboration and one article of an international kind. On the kind of collaboration found among the top producing countries, the highest rates of international collaboration appear in Switzerland (83.3%, not shown in figure) , the Netherlands and England, while the USA and Germany present the highest rates of only intranational collaboration and of single-authored articles. It is worth pointing out that only the USA, the Netherlands and England appear with articles published by a single author, all articles from other countries report some form of collaboration.
In order to better assess the collaboration patterns in each country, the CoAuthorship Index (CAI) presented by GUAN & MA [2007] was obtained for the top seven collaborating countries and is presented on Table 3 . The papers have been classified into single-authored, two-authored, multiple-authored when three or four authors participated, and mega-authored when five or more authors were involved. It can be seen that the trend in the USA is for articles produced by one or two authors, that in Switzerland it is more common to produce articles by two authors, while in the other countries the presence of multiple-authored and even mega-authored articles is relatively common. 
Journals
The articles analyzed were published in 56 different journals. Journal productivity is presented in Table 4 . Each section depicts the top six journals given the bibliometric indicators employed. Thus, the first section shows the journals that have published most papers related to HLM; the second presents the journals whose articles have been cited the most; the third, those whose efforts around HLM have had the biggest impact as assessed by the PEI indicator, whereas the fourth does so according to the h and g indexes.
It should be noted how each index provides a different insight into the productivity of different journals regarding HLM methods. Overall, it can be observed that the greatest interest has occurred in applications of these models in substance abuse contexts. It is also interesting that while the CPP index and PEI weighting of both publications and citations seems to help pointing toward single, highly influential articles published in the journal, the h and, specially, the g indices do so towards a sustained and influential work on the area within the journal.
The first appearance of an article using HLM on the most productive journals occurred in 1996, seven years after the first article published in Psychiatry using HLM; while the most productive journal did not begin publishing in this area until 2001, more than a decade later. All journals in the top productivity ranking have shown a steady production since they started addressing this subject. Both the publication and citation of articles in this area became frequent by the end of the 90's and the beginning of this century. This shows a rather recent establishment of HLM methods in the psychiatric field. The distribution of articles published by journals as described using Bradford's law is presented in Table 5 where 8 zones were identified. The table shows the number of journals in each zone (N n ), the expected number of journals in each zone given by the k multiplier, the number of articles per zone, the cumulative number of articles and the estimated values of k, n n n N / N k 0 . According to Leimkuhler's formulation of Bradford's distribution, Figure 3 presents the Bradford-Zipf plot of observed and predicted cumulative articles published by journal rank. The estimated parameters for Leimkuhler's formulation were A = 59.05 and B = 0.44, while the k multiplier was 1.44. Both Bradford's law and Leimkuhler's formulation seem to fit the observed distribution very well. It should be noted, however, that the data cannot perfectly fit a Bradford's law given that the most productive journal has less than 16 publications [EGGHE, 1986] ; this can be observed in zones 1 to 3, which all have the same number of journals (2) instead of the strictly increasing number required in the law. 
Discussion
The results show evidence of an increasing interest in using HLM in Psychiatry, yet contrary to ALLARDYCE & BOYDELL's [2006] perception, establishment of multilevel modeling does not seem to have occurred until the beginning of the current decade. A good reception of the HLM strategy is evident both in the USA and in Europe; the latter further revealing the existence of research groups specially interested in their application, mainly in the Netherlands at University of Maastricht and in England at the Institute of Psychiatry's Division of Psychological Medicine and Psychiatry, as evidenced by the application of Lotka's law and the institutional distribution of articles. Also, a broader knowledge and production using HLM is evident from USA, however the existence of a group focused on their application to psychiatric issues is not evident. It should be noted that Switzerland, the Netherlands and England are the countries with highest international collaboration patterns in these documents.
The scattering of journals, despite following Leimkuhler's formulation, does not provide evidence of a small set of key journals focused on documents using HLM; however, there seems to be a higher application of the strategy to questions related to substance use and abuse. The subjects and topics addressed by publications using HLM will be evaluated in a future study by the authors.
It is a limitation of the present study that the observed results might be biased by the search scope. Given the specific key words used for the search and the reliance on only journals reported in the databases used (ISI-WoK), it is possible that related articles have been omitted if the keywords were not included in their database tags, or if the relevant article was not cited in the database.
